Context . The risk of toxicity from exposure to ergot alkaloid-containing medications in children is uncertain. Due to the alarming historical experience with severe toxicity and the syndrome of ergotism from natural and synthetic ergot alkaloids, triage recommendations for pediatric exposures to medicinal agents containing ergot alkaloids may be inappropriate and inconsistent. Objectives. The goal of this study was to describe the clinical effects of unintentional ergot alkaloid exposures in children and to identify the need for hospitalization in these cases. Methods. This was a retrospective cohort study of all pediatric ( Ͻ 7 years old) ergot alkaloid exposures reported to the California Poison Control System (CPCS) from 1997 to 2008. Case narratives were reviewed and assessed for patient demographics, ergot alkaloid agent and dose, route of and reason for exposure, symptoms, therapy, hospitalization period, and fi nal outcome. Results. Of the 374 cases, 353 met the inclusion criteria. The median age was 24 months (Range: 7 -72 months) with more than 99% oral route of exposure. The most frequent clinical effect was gastrointestinal distress (16%), followed by lethargy (5%). Two cases with signifi cant vascular and CNS symptoms were identifi ed, both with complete recovery. For symptomatic patients, all symptoms were there at time of initial presentation. The majority, 62%, of all patients were treated in the hospital setting. The median length of hospital stay was 4 h (Range: 1 -36 h). Ergot exposures had a similar number of serious outcomes (moderate or worse effects) compared to all other pediatric poisonings reported to the CPCS during the study period (odds ratio [OR], 0.98; 95% confi dence interval [CI], 0.25 -3.95), but were associated with a disproportionately higher number of hospitalizations (OR, 13.8; 95% CI, 11.1 -17.1). Conclusions. Pediatric ergot exposures were associated with few transient adverse effects but multiple hospitalizations. Rare cases of signifi cant toxicity associated with methylergonovine exposures were found. Current poison control send-in protocols and emergency department (ED) guidelines should consider home management and short ED stays as opposed to lengthy critical care bed admissions.
Introduction
Unintentional pediatric ergot alkaloid exposures occur infrequently but incite concern due to historical experience with severe toxicity from natural and synthetic ergot alkaloids in adults. Attributed to cause multiple poisoning epidemics in the Middle Ages from rye bread contaminated with the fungus Claviceps purpurea , ergot alkaloids resulted in the syndrome of ergotism, known at the time as St. Anthony ' s fi re. 1,2 Ergotism was characterized by intense burning of the extremities, vomiting, gangrene, peripheral and central vascular infarctions, agitation, hallucinations, seizures, and death. 1,2 Primarily used in the fi eld of obstetrics in the 20th century, ergot alkaloids are now most often used in the treatment of migraine headaches. 3 The risk of toxicity from oral exposure to ergot alkaloid-containing medications in children is uncertain, and few cases have resulted in morbidity or mortality. After ingesting 12 mg of ergotamine and 1.2 gm of caffeine, a 14-month-old child developed cerebral edema and hemorrhagic gastritis and ultimately died. 4 In another critical case, a 15-day-old girl developed apnea requiring intubation after accidentally receiving 0.04 mg/kg of oral methylergonovine. She was extubated 43 h later and discharged home on hospital day fi ve. 5 Triage recommendations for pediatric exposures to medicinal agents containing ergot alkaloids are inconsistent and may be inappropriate. Vasoconstriction and ischemia are the primary concerns in the overdose setting and often prompt long observation periods and critical care bed admissions. One study recommended a general 24-to 48-h observation period after all oral and intramuscular methylergonovine exposures. 5 Other sources have recommended observing asymptomatic patients for 4 -6 h and only admitting patients symptomatic at that time. 6 We propose that the appropriate treatment and observation periods for pediatric patients following ergot alkaloid exposures should be based on and tailored to patient symptoms, the specifi c substance involved, dosage, and route of exposure. The primary objective of this study is to describe the clinical effects of pediatric ergot alkaloid exposures in our study sample and to determine the need for hospitalization in these cases. A secondary objective is to delineate an evidence-based pediatric ergot alkaloid exposure management guideline.
Materials and methods

Study design and setting
This was a retrospective cohort study of all pediatric ( Ͻ 7 years old) ergot alkaloid exposures reported to the California Poison Control System (CPCS) during the 12-year period between January 1, 1997 and December 31, 2008. The CPCS manages over 330,000 cases annually from the general population, law enforcement and health care professionals, who call CPCS on a voluntary basis. Services are available through a toll-free emergency hotline 24 h a day. All calls are handled by trained specialists in poison information (SPIs). SPIs are pharmacists or nurses working at one of four integrated centers (San Francisco, Sacramento, Fresno/Madera, and San Diego), with medical toxicologists available to assist on complex cases.
SPIs enter each case into a computerized database, Visual Dot Lab (VDL) (WBM Software, Fresno, CA), linked via intranet among the four sites. Once a case is entered into VDL, it is followed at least daily until the fi nal outcome is known, with the exception of cases judged by SPIs to be nontoxic exposures and those lost to follow-up. Initial information is acquired from the caller and subsequent follow-up information is obtained from the treating physician or nurse. Patients followed at home typically received one follow-up call to the parents during that day and no calls on subsequent days. Time-stamped case narratives are entered in a free-text fi eld and clinical symptoms, treatments and outcomes are coded by SPIs using American Association of Poison Control Centers (AAPCC) guidelines. A positive symptom was one that occurred at any point during the hospital stay. Drug effect is coded into the following categories: No effect, minor effect, moderate effect, major effect, and death. AAPCC guidelines defi ne no effect as " no symptoms as a result of the exposure. " Minor effect is defi ned as " some symptoms as a result of the exposure, but they were minimally bothersome to the patient. The symptoms usually resolve rapidly and usually involve skin or mucous membrane manifestations. " Moderate effect symptoms " are more pronounced, more prolonged or more of a systemic nature than minor symptoms. " For a major effect, symptoms " are life-threatening or resulted in signifi cant residual disability or disfi gurement. "
Study population
The VDL database was queried for all cases less than 7 years of age during the 12-year study period (1997 -2008) . The AAPCC generic code for all ergot alkaloid products (018000) was used in the search. Since each brand name substance entered by SPIs into VDL automatically generates a generic match, we did not perform individual searches on each brand name drug. Cases outside California and those which were not true ergot exposures were excluded (i.e., intact pills found or other medications identifi ed).
Data analysis
De-identifi ed VDL case records were examined and data were extracted into a Microsoft Excel for Mac 2011 spreadsheet by author PA (Microsoft, Redmond, WA). The narratives of each case were reviewed and the details in those free text fi elds were confi rmed with the coded information. Data collected included age, gender, weight (when available), route of exposure (oral, intravenous, and intramuscular), drug type, estimated maximum possible dose, co-ingestants, time to CPCS call after ingestion, location of hospitalization, length of hospital stay, blood pressure, heart rate, symptoms, and abnormalities on physical exam and treatment. The estimated maximum possible dose was determined by examining free text for information about pill counts and observer accounts with confi rmation from coded dose estimations. After 1999, coded dose estimations also included certainty estimates (certain, estimate, or unknown dose amount as per SPI input). Doses coded as certain and estimate were included in the analysis. As data were not normally distributed, descriptive statistics such as median and range were determined. Odds ratios with 95% confi dence intervals were calculated to determine the risk of serious outcomes and hospitalizations associated with pediatric ergot alkaloid exposures. Serious outcomes were defi ned as those coded with moderate or major outcomes according to AAPCC guidelines.
This study was reviewed and approved by the Committee for Human Research at the University of California, San Francisco and the CPCS Research Committee.
Results
A total of 374 ergot exposures under the age of 7 were identifi ed upon the initial VDL search. Calls originating from home comprised 64% (239/374) of cases and 36% (135/374) originated from health care facilities. Twenty-one cases were excluded, leaving 353 in the fi nal analysis (Fig. 1) . For each case, free-text narrative and coded information were examined and found to be in agreement. General patient and exposure characteristics are presented in Table 1 . The overwhelming majority of cases, 99% (351/353) were due to oral route of exposure, with only one case each due to Clinical Toxicology vol. 52 no. 3 2014 inadvertent intramuscular or intravenous administration in neonates. For oral exposures, the median age at presentation was 24 months (range: 7 -72 months). 76% Of cases were due to a single ergot alkaloid containing substance. The most common ergot substance involved was methylergonovine (231 cases), followed by ergotamine (56 cases), ergonovine (37 cases) and dihydroergotamine (15 cases). A small number of cases of ergoloid mesylate (6), methysergide (3), and dihydroergotoxine (1) exposures were found. In 86 cases at least 1 co-ingestant was present: 1 co-ingestant in 69, 2 co-ingestants in 15, and 3 co-ingestants in 2 cases. The substance most often co-ingested was caffeine in 61 cases, due to caffeine/ergotamine combination pills used in migraine therapy. Doxycycline was the co-ingestant in 13 cases. One hundred and fourteen cases were managed at home and nineteen were lost to follow-up. Of these, 15 were coded as potentially toxic exposures. All 19 lost to follow-up cases were asymptomatic at the initial time of poison control center (PCC) phone call. Of the 220 cases that were managed in a health care facility, the median length of stay was 4 h, ranging from 1 to 36 h. Median time from exposure to CPCS call was 10 min. This information was available in 349/353 (99%) cases.
The most common clinical effect associated with ergot alkaloid exposure was gastrointestinal distress (nausea, vomiting, abdominal pain, and/or diarrhea), followed by lethargy, and hypertension (Table 2) . Rarely, numbness, and cold extremities were present, although transient and only present on initial physical examination. From the cases referred from home to a health care facility, if no symptoms were present on initial emergency department (ED) evaluation, they did not develop later. A minority of exposures resulted in clinical effects. The clinical effects varied somewhat according to the ergot alkaloid class (Table 3) . Amine exposures, the most frequent, resulted in gastrointestinal symptoms 16% of the time. Amino acid exposures had an equivalent number of cases with gastrointestinal and CNS/ respiratory symptoms. The highest exposure dosages were in the dehydrogenated amino acids group, with an ergoloid mesylate median dose of 13.5 mg (range: 1.5 -30 mg), but clinical effects were present in one of six such cases.
All except two cases were coded as no effect or mild effect. These two cases met moderate effect criteria, and none had major effect or death. The fi rst moderate effect case was a 2-year-old male who ingested an unknown quantity of 0.2 mg of Methergine (methylergonovine) tablets. CPCS was contacted less than 5 min after time of ingestion and the patient ' s mother was advised to take him to the nearest ED. Upon ED arrival, the child was lethargic with cool and pale extremities and prolonged capillary refi ll time. His initial vital signs were: Temperature 36.9 ° C, pulse 90 beats per minute, blood pressure 94/60 mm Hg, respirations 20 per minute, O 2 saturation 82% on 15L nonrebreather mask. Fifteen minutes later, after the placement of a nasogastric tube to administer activated charcoal, an intravenous normal saline bolus and warm blankets, the patient had normal mental status, normal oxygen saturation, and extremities with capillary refi ll of less than 2 s. The patient was transferred to the nearest pediatric intensive care unit (PICU) and monitored for the next 24 h. He remained asymptomatic without symptom recrudescence.
In the second moderate effect case, a 3.3-kg newborn male was accidentally administered 0.2 mg of intramuscular methergine instead of vitamin K shortly after birth. One hour later, he developed respiratory depression with room air O 2 saturation on room air at 8.5 h after exposure. On hospital day 2, the infant had trace hematuria and hematemesis which spontaneously resolved. His vital signs and abdominal X-ray were normal. He was made NPO and total parenteral nutrition (TPN) feeds were started. By hospital day 7, he was tolerating breastfeeding well and was discharged home on Day 9 without any apparent sequelae from methergine exposure. Patient disposition and clinical outcomes are presented in Table 4 . Symptoms were present in only 21% of all cases. Most patients were observed and discharged from the ED without inpatient hospital admission. Of the admitted patients, most were admitted to unmonitored beds or a PICU. Cases managed at home by CPCS phone consultation manifested symptoms 11% of the time. Table 5 provides a comparison of risks of a serious outcome and hospitalization associated with pediatric ergot alkaloid exposures compared with all substances (drugs, herbal products, chemicals, and plants)
reported to the CPCS during the study period. Ergot alkaloid exposures had a similar number of serious (moderate, major, or death) outcomes to other pediatric poisonings reported to the CPCS (Odds ratio [OR] , 0.98; 95% confi dence interval [CI] , 0.25 -3.95). However, they were associated with a signifi cantly and disproportionately higher number of hospitalizations (OR 13.8; 95% CI, 11.1 -17.1).
Discussion
Evaluating the risk of toxicity from ergot alkaloid exposures in pediatric patients is diffi cult due to the heterogeneity in the pharmacology and pharmacokinetics among these agents. The three classes of ergot alkaloids, amine, amino acid, and dihydrogenated amino acids, differ in peripheral and central mechanisms of action at serotonergic, dopaminergic, and alpha-adrenergic receptors. 3 The amino acid group (ergotamine) causes the highest incidence of emesis and along with ergonovine (amine group) produces profound vasoconstriction. The dihydrogenated amino acids such as dihydroergotamine have alpha-adrenergic antagonism properties (alpha 1 and 2), whereas the other ergot alkaloids are partial agonists/antagonists at the alpha-adrenergic receptors, leading to variable vasoconstrictive effects. 7 Ergot alkaloid action at 5-HT 1B/1D receptors potentiating serotonin activity lead to stabilization of cerebrovascular smooth muscle and acute migraine headache relief. 3 Most ergot alkaloids have an elimination half-life of about 2 h and peak plasma concentrations occur within (56) 7 (13) 8 (14) Ergotamine 7 8 1 (0.2 -11) Dihydrogenated amino acid (22) 1 (5) 3 (14) Dihydroergotamine (15) 1 2 1 (0.25 -3) Ergoloid mesylate (6) 0 1 9 (1.5 -30) Dihydroergotoxine (1) 0 0 1 * Other symptoms include central nervous system (CNS) and respiratory system. * * 256 included in analysis; dose unknown for 97 patients.
60 min of ingestion. 8 However, bioavailability varies widely due to extensive hepatic fi rst-pass metabolism and poor oral absorption. The notable exception is methylergonovine (amine alkaloid), which is rapidly absorbed and has high bioavailability after ingestion. 3 Ergot alkaloid poisoning manifestations are an enhancement of its therapeutic effects. Vasoconstriction has been known to cause lower extremity, cerebral, mesenteric, coronary, and renal vascular ischemia in adult patient exposures. 9, 10 The historical accounts of epidemic and catastrophic ergot-induced vasospastic disease as well as adult poisoning reports may have overtly alarmed clinicians about management and triage strategies for ergot alkaloid exposures. It is noteworthy that only 2 of 353 cases in this study manifested serious toxicity and both involved methylergonovine. Our case involving a newborn who inadvertently received an intramuscular dose of methylergonovine and developed respiratory depression is consistent with previous case reports of newborn poisonings from intramuscular administration of the amine class of ergot alkaloids. 5,11 -15 These cases were also iatrogenic and involved administration of the wrong medication that was mistaken for vitamin K.
The other case with serious toxicity in our study involved the ingestion of an unknown amount of a methylergonovinecontaining product in a 2-year old. The symptoms were rapid in onset and predominately neurological (CNS depression), respiratory (hypoxia), and there was clinical evidence of peripheral vasospasm (prolonged capillary refi ll time). However, the symptoms rapidly resolved with supportive care and there was no evidence of recrudescence or prolonged toxic effects. Methylergonovine has good bioavailability when ingested and oral exposure in pediatric patients has rarely been associated with severe toxicity. 5 Another ergot substance in this class, ergonovine, was involved in a death of a 14-month old who ingested 12 mg. 16 It is also noted that unintentional ingestions of up to 10 tablets (totaling 2 mg) of methylergonovine have resulted in no ill effects in children aged 1 -3 years. 17 The dosage range in our series was 0.5 -3 mg with a median dose of 0.4 mg of methylergonovine. Unintentional dihydroergotamine ingestions represented only 15 cases in our series with very few ill effects. There are no other dihydroergotamine exposures reported in the pediatric literature.
None of the cases involving ergotamine ingestions were associated with serious toxicity. Only 13% developed gastrointestinal and 14% had other symptoms (CNS or respiratory). One case, as mentioned above, had evidence of peripheral vasospasms as documented in the poison center record. Ergotamine has poor bioavailability and is formulated as a single agent sublingual tablet. This, coupled with its propensity to cause gastrointestinal symptoms with nausea and vomiting, may limit the risk of systemic toxicity after ingestion. There is a case report of a 14-month old who died after ingestion of 12 Cafergot ® tablets (totaling 12 mg of ergotamine and 1200 mg of caffeine). 4 This child had a rapid onset of symptoms including respiratory distress, CNS depression, and peripheral vasospasms (cold blue extremities). The estimated dose range in our series was 0.2 -11 mg with a median dose of 1 mg of ergotamine.
Our study suggests that unintentional ergot alkaloid ingestions by children most commonly result in transient symptoms involving the gastrointestinal system as well as minor CNS symptoms (lethargy). The concern of persistent vasoconstriction was not supported in any of these cases regardless of agent or route of exposure. Therefore, the general recommendation to admit methylergonovine exposed pediatric patients for 24 -48 h of hospitalization does not seem warranted. 5 Home management of unintentional pediatric ergot alkaloid ingestions by poison centers may be a viable option in cases that involve a single agent and the patient is asymptomatic. Exposures involving ingestion of unknown amounts of any ergot alkaloid by pediatric patients or those that are symptomatic should be evaluated and managed in an ED. Important for emergency providers is noting that in our study, if no symptoms were present on initial ED evaluation, they did not develop later. It is thus anticipated that most of these patients will require supportive care and short observation periods. The small number of parenteral exposures in our study makes any new conclusions on that route of exposure diffi cult. Therefore, accidental parenteral ergot alkaloid exposures in neonates still warrant observation periods of at least 24 h. 5,11 -15 There are several major limitations to this study. First, the retrospective study design and data source used (poison control case reports) were an inherent limitation to completeness of the data. SPIs and related personnel responsible for documenting PCC cases were not under protocol to collect information specifi c to this study which were not necessary for patient management (e.g., specifi c product name, ergot alkaloid quantity in mg, co-ingredients, and co-ingestants). As a result, much information is missing in our data set. Another factor for missing information in PCC reports is incomplete patient follow-up. Patients are frequently lost to follow-up due to various reasons beyond the control of PCC personnel (e.g., patient leaving against medical advice or having been discharged upon follow-up call). It is not known if any patients who were lost to follow-up died. Another limitation is that the CPCS data do not include measurements of the serum concentration of the drug involved in the ingestions. The milligram quantity of an ingested drug is recorded in the CPCS database in only a small majority of cases. Even for those cases, the ingested amount was usually based on patient ' s self-report and not independently verifi ed through witnessed ingestion or pill counts.
Conclusion
Pediatric ergot exposures were associated with few transient adverse effects but multiple hospitalizations. Current poison control send-in protocols and ED guidelines should base home management on the agent, dose, and patient symptoms. We recommend evaluating all symptomatic patients and ingestions of an unknown amount in the ED. For those patients evaluated in an ED, most will require a short stay with general supportive care as opposed to lengthy critical care bed admissions. We do not recommend routine critical care bed admissions for asymptomatic patients.
